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Abstract
In a supersymmetric extension of the standard model with local gauged baryon and lepton
numbers (BLMSSM), there are new sources for lepton flavor violation, because the right-handed
neutrinos and new gauginos are introduced. In BLMSSM, we study the charged lepton flavor
violating processes lj → li + γ and lj → 3li in detail. The numerical results show that in some
parameter space the branching ratios for charged lepton flavor violating processes can be large
enough to be detected in the near future.
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I. INTRODUCTION
From the neutrino oscillation experiments[1], it is convincing that neutrinos have tiny
masses and mix with each other[2, 3]. Therefore, lepton flavor symmetry is not exact in
the universe. Though the standard model(SM) has achieved great success with the detected
lightest CP-even Higgs, SM should be extended. Because of the GIM mechanism, in SM
the charged lepton flavor violating(CFLV) processes are very tiny, for example BrSM(lj →
li + γ) ∼ 10−55[4]. The experiment upper bounds of the CLFV processes lj → li + γ and
lj → 3li are[5]
Br(µ→ eγ) < 5.7× 10−13, Br(µ→ 3e) < 1.0× 10−12,
Br(τ → eγ) < 3.3× 10−8, Br(τ → µγ) < 4.4× 10−8,
Br(τ → 3e) < 2.7× 10−8, Br(τ → 3µ) < 2.1× 10−8. (1)
They are much larger than the corresponding SM theoretical predictions. To explore new
physics beyond SM, study CLFV processes is an effective approach. Once physicists observe
CLFV processes in future experiments, there must be new physics beyond SM.
In a simple extension of SM, with a new additional Yukawa matrix for right-handed neutri-
nos, CLFV processes are induced at loop level with neutrino[6]. They are suppressed strong
by the tiny neutrino masses and impossible to be observed practically. One popular su-
persymmetric extension of SM is the minimal suppersymmetric standard model(MSSM)[7].
In R-parity conserved MSSM, the left-handed light neutrinos are still massless and can not
explain the discovery of neutrino oscillations. Therefore, physicists extend MSSM to ac-
count for the light neutrino masses and mixings. Adding low-scale right-handed neutrinos
and approximate lepton number symmetries, νRMSSM is obtained, where the authors study
the CLFV processes[8]. In the supersymmetric standard model with right-handed neutrino
supermultiplets, the authors investigate various LFV processes in detail[9]. In our previous
work, we study neutrino masses and CLFV processes in µνSSM[10].
For the beyond SM models, one can violate R parity[11] with the non-conservation of
baryon number (B) or lepton number (L)[12, 13]. A minimal supersymmetric extension of
the SM with local gauged B and L(BLMSSM) is a favorite one[14]. BLMSSM was first
proposed in one of the references in [14]. In the work, this model is that we are adopting.
The local gauged B is used to explain the matter-antimatter asymmetry in the universe.
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Right-handed neutrinos are introduced in BLMSSM to account for the neutrino oscilla-
tion experiments, which lead to three tiny neutrino masses through the seesaw mechanism.
Then lepton number (L) is expected to be broken spontaneously around TeV scale. In
BLMSSM, the lightest CP-even Higgs mass and the decays h0 → γγ, h0 → ZZ(WW ) are
studied in the work[15]. Taking into account the Yukawa couplings between Higgs and exotic
quarks, we study the neutron and lepton electric dipole moments(EDMs) in the CP-violating
BLMSSM[16, 17]. B0 − B¯0 mixing and t → c + γ, t → c + g are also investigated in SM
extension with local gauged baryon and lepton numbers[18].
In this work, we analyze these CLFV processes (µ → eγ, µ → 3e; τ → eγ, τ → µγ,
τ → 3e,τ → 3µ) in the frame work of BLMSSM. Compared with MSSM, there are new
sources to enlarge these CLFV processes via loop contributions. The new CLFV scores are
produced from 1. the right-handed neutrinos mixing with left-handed neutrinos; 2. the
coupling of new neutralino(lepton neutralino)-slepton-lepton. In some parameter space of
BLMSSM, large corrections to the CLFV processes are obtained, and can easily exceed their
experiment upper bounds. Therefore, to enhance these CLFV processes is possible, and they
may be measured in the near future.
After this introduction, we briefly summarize the main ingredients of the BLMSSM, and
show the needed mass matrices and couplings in section 2. In section 3, the decay widths of
these interested CLFV processes are analyzed. The input parameters and numerical analysis
are shown in section 4 and we give our conclusion in section 5.
II. BLMSSM
BLMSSM is the supersymmetric extension of the SM with local gauged B and L, whose
local gauge group is SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B ⊗ U(1)L[12]. The exotic leptons
Lˆ4 ∼ (1, 2, −1/2, 0, L4), Eˆc4 ∼ (1, 1, 1, 0, −L4), Nˆ c4 ∼ (1, 1, 0, 0, −L4), Lˆc5 ∼
(1, 2, 1/2, 0, −(3 + L4)), Eˆ5 ∼ (1, 1, −1, 0, 3 + L4) and Nˆ5 ∼ (1, 1, 0, 0, 3 + L4) are
introduced to cancel L anomaly. As well as, the exotic quarks Qˆ4 ∼ (3, 2, 1/6, B4, 0),
Uˆ c4 ∼ (3¯, 1, −2/3, −B4, 0), Dˆc4 ∼ (3¯, 1, 1/3, −B4, 0), Qˆc5 ∼ (3¯, 2, −1/6, −(1 +
B4), 0), Uˆ5 ∼ (3, 1, 2/3, 1 + B4, 0) and Dˆ5 ∼ (3, 1, −1/3, 1 + B4, 0) are introduced
to cancel B anomaly. To break lepton number and baryon number spontaneously, the
Higgs superfields ΦˆL(1, 1, 0, 0,−2), ϕˆL(1, 1, 0, 0, 2) and ΦˆB(1, 1, 0, 1, 0), ϕˆB(1, 1, 0,−1, 0) are
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introduced respectively. Now, Higgs mechanism is the very massy foundtion stone for particle
physics, and people are convinced of it, because of the detection of the lightest CP even Higgs
h0 at LHC[19]. The Higgs fields ΦˆL, ϕˆL and ΦˆB , ϕˆB acquire nonzero vacuum expectation
values (VEVs), then exotic leptons and exotic quarks obtain masses. In the BLMSSM,
the superfields Xˆ(1, 1, 0, 2/3+B4, 0), Xˆ
′(1, 1, 0,−(2/3+B4), 0) are introduced to make the
heavy exotic quarks unstable. Furthermore Xˆ and Xˆ ′ mix together, where the lightest mass
eigenstate can be a candidate for dark matter.
The superpotential of BLMSSM is[15]
WBLMSSM =WMSSM +WB +WL +WX ,
WB = λQQˆ4Qˆc5ΦˆB + λU Uˆ c4Uˆ5ϕˆB + λDDˆc4Dˆ5ϕˆB + µBΦˆBϕˆB
+Yu4Qˆ4HˆuUˆ
c
4 + Yd4Qˆ4HˆdDˆ
c
4 + Yu5Qˆ
c
5HˆdUˆ5 + Yd5Qˆ
c
5HˆuDˆ5 ,
WL = Ye4Lˆ4HˆdEˆc4 + Yν4Lˆ4HˆuNˆ c4 + Ye5Lˆc5HˆuEˆ5 + Yν5Lˆc5HˆdNˆ5
+YνLˆHˆuNˆ
c + λNcNˆ
cNˆ cϕˆL + µLΦˆLϕˆL ,
WX = λ1QˆQˆc5Xˆ + λ2Uˆ cUˆ5Xˆ ′ + λ3DˆcDˆ5Xˆ ′ + µXXˆXˆ ′ . (2)
where WMSSM is the superpotential of the MSSM. The soft breaking terms Lsoft of the
BLMSSM can be found in the works[14, 15]
Lsoft = LMSSMsoft − (m2N˜c)IJN˜ c∗I N˜ cJ −m2Q˜4Q˜
†
4Q˜4 −m2U˜4U˜ c∗4 U˜ c4 −m2D˜4D˜c∗4 D˜c4
−m2
Q˜5
Q˜c†5 Q˜
c
5 −m2U˜5U˜∗5 U˜5 −m2D˜5D˜∗5D˜5 −m2L˜4L˜
†
4L˜4 −m2ν˜4N˜ c∗4 N˜ c4
−m2e˜4E˜c∗4 E˜c4 −m2L˜5L˜
c†
5 L˜
c
5 −m2ν˜5N˜∗5 N˜5 −m2e˜5E˜∗5E˜5 −m2ΦBΦ∗BΦB
−m2ϕBϕ∗BϕB −m2ΦLΦ∗LΦL −m2ϕLϕ∗LϕL −
(
mBλBλB +mLλLλL + h.c.
)
+
{
Au4Yu4Q˜4HuU˜
c
4 + Ad4Yd4Q˜4HdD˜
c
4 + Au5Yu5Q˜
c
5HdU˜5 + Ad5Yd5Q˜
c
5HuD˜5
+ABQλQQ˜4Q˜
c
5ΦB + ABUλU U˜
c
4U˜5ϕB + ABDλDD˜
c
4D˜5ϕB +BBµBΦBϕB + h.c.
}
+
{
Ae4Ye4L˜4HdE˜
c
4 + Aν4Yν4L˜4HuN˜
c
4 + Ae5Ye5L˜
c
5HuE˜5 + Aν5Yν5L˜
c
5HdN˜5
+ANYνL˜HuN˜
c + ANcλNcN˜
cN˜ cϕL +BLµLΦLϕL + h.c.
}
+
{
A1λ1Q˜Q˜
c
5X + A2λ2U˜
cU˜5X
′ + A3λ3D˜
cD˜5X
′ +BXµXXX
′ + h.c.
}
. (3)
The SU(2)L doublets Hu, Hd should obtain nonzero VEVs υu, υd,
Hu =


H+u
1√
2
(
υu +H
0
u + iP
0
u
)

 , Hd =


1√
2
(
υd +H
0
d + iP
0
d
)
H−d

 . (4)
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The SU(2)L singlets ΦB, ϕB obtain nonzero VEVs υB, υB,
ΦB =
1√
2
(
υB + Φ
0
B + iP
0
B
)
, ϕB =
1√
2
(
υB + ϕ
0
B + iP
0
B
)
. (5)
In the same way, the SU(2)L singlets ΦL, ϕL obtain nonzero VEVs υL, υL,
ΦL =
1√
2
(
υL + Φ
0
L + iP
0
L
)
, ϕL =
1√
2
(
υL + ϕ
0
L + iP
0
L
)
. (6)
Therefore, the local gauge symmetry SU(2)L ⊗U(1)Y ⊗U(1)B ⊗U(1)L breaks down to the
electromagnetic symmetry U(1)e.
H± = − sin βH±
d
+ cos βH±
u
represent the charged Higgs, whose squared masses at tree
level are m2
H±
= m2
A0
+m2
W
. The charged Goldstone bosons and neutral Goldstone bosons
are denoted respectively
G± = cos βH±
d
+ sin βH±
u
, G0 = cos βP 0
d
+ sin βP 0
u
,
G0
B
= cos β
B
P 0
B
+ sin β
B
P
0
B
, G0
L
= cos β
L
P 0
L
+ sin β
L
P
0
L
, (7)
with tan β = υ
u
/υ
d
, tan β
B
= υ
B
/υ
B
, tan β
L
= υ
L
/υ
L
.
A0 = − sin βP 0
d
+ cos βP 0
u
, A0
B
= − sin β
B
P 0
B
+ cos β
B
P
0
B
,
A0
L
= − sin β
L
P 0
L
+ cos β
L
P
0
L
, (8)
are the physical neutral pseudoscalar fields, and their masses at tree level read as[15]
m2
A0
=
Bµ
H
cos β sin β
, m2
A0
B
=
B
B
µ
B
cos β
B
sin β
B
, m2
A0
L
=
B
L
µ
L
cos β
L
sin β
L
. (9)
The lightest neutral CP-even Higgs h0 is obtained from diagonalizing the mass squared
matrix of neutral CP-even Higgs in the sector (H0d ,H
0
u)


H0
h0

 =


cosα sinα
− sinα cosα




H0
d
H0
u

 ,
tan 2α =
m2Z +m
2
A0
m2Z −m2A0
tan 2β . (10)
Φ0
B
and ϕ0
B
mix together and the mass squared matrix is
M2
EB
=


m2
ZB
cos2 β
B
+m2
A0
B
sin2 β
B
, (m2
ZB
+m2
A0
B
) cosβ
B
sin β
B
(m2
ZB
+m2
A0
B
) cos β
B
sin β
B
, m2
ZB
sin2 β
B
+m2
A0
B
cos2 β
B

 , (11)
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with vBt =
√
υ2
B
+ υ2
B
. m
ZB
= g
B
vBt denotes the mass of neutral U(1)B gauge boson ZB .
Two mass eigenstates can be gotten


H0
B
h0
B

 =


cosα
B
sinα
B
− sinα
B
cosα
B




Φ0
B
ϕ0
B

 , (12)
by the mixing angle α
B
that is defined as
tan 2α
B
=
m2
ZB
+m2
A0
B
m2
ZB
−m2
A0
B
tan 2β
B
. (13)
In the same way, we obtain the mass squared matrix for (Φ0
L
, ϕ0
L
)
M2
EL
=


m2
ZL
cos2 β
L
+m2
A0
L
sin2 β
L
, (m2
ZL
+m2
A0
L
) cos β
L
sin β
L
(m2
ZL
+m2
A0
L
) cos β
L
sin β
L
, m2
ZL
sin2 β
L
+m2
A0
L
cos2 β
L

 , (14)
with vLt =
√
υ2
L
+ υ2
L
. m
ZL
= 2g
L
vLt represents the mass of neutral U(1)L gauge boson ZL.
In BLMSSM, the authors[15, 20] analyze the mass matrices of exotic quarks, exotic squarks
and some exotic sleptons.
With the introduced superfields Nˆ c, three neutrinos obtain tiny masses through the see-
saw mechanism. After symmetry breaking, we obtain the mass matrix for neutrinos in the
basis (ν,N c)[21]


0 vu√
2
(Yν)
IJ
vu√
2
(Y Tν )
IJ v¯L√
2
(λNc)
IJ

 . (15)
Eq.(15) can be diagonalized by the unitary matrix Uν . Then, one gets three light and
three heavy neutrino mass eigenstates.
The new gaugino λL and the superpartners of the SU(2)L singlets ΦL, ϕL mix, which
produce three lepton neutralinos in the base (iλL, ψΦL, ψϕL)[17].
Lχ0
L
=
1
2
(iλL, ψΦL , ψϕL)


2ML 2vLgL −2v¯LgL
2vLgL 0 −µL
−2v¯LgL −µL 0




iλL
ψΦL
ψϕL


+ h.c. (16)
Using ZNL, one can diagonalize the mass matrix in Eq.(16) to obtain three lepton neutralino
masses.
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In BLMSSM, the mass squared matrix of slepton is different from that in MSSM, because
of the contributions from Eqs.(2,3). The corrected mass squared matrix of slepton reads as


(M2L)LL (M2L)LR
(M2L)†LR (M2L)RR

 . (17)
(M2L)LL, (M2L)LR and (M2L)RR are shown here
(M2L)LL =
(g21 − g22)(v2d − v2u)
8
δIJ + g
2
L(v¯
2
L − v2L)δIJ +m2lIδIJ + (m2L˜)IJ ,
(M2L)LR =
µ∗vu√
2
(Yl)IJ − vu√
2
(A′l)IJ +
vd√
2
(Al)IJ ,
(M2L)RR =
g21(v
2
u − v2d)
4
δIJ − g2L(v¯2L − v2L)δIJ +m2lIδIJ + (m2R˜)IJ . (18)
The unitary matrix ZL˜ is used to rotate slepton mass squared matrix to mass eigenstates.
There are six sneutrinos, whose mass squared matrix is deduced from the superpotential
and the soft breaking terms in Eqs.(2,3). In the base n˜T = (ν˜, N˜ c), the concrete forms for
the sneutrino mass squared matrixMn˜ are shown here
M2n˜(ν˜∗I ν˜J ) =
g21 + g
2
2
8
(v2d − v2u)δIJ + g2L(v2L − v2L)δIJ +
v2u
2
(Y †ν Yν)IJ + (m
2
L˜
)IJ ,
M2n˜(N˜ c∗I N˜ cJ) = −g2L(v2L − v2L)δIJ +
v2u
2
(Y †ν Yν)IJ + 2v
2
L(λ
†
NcλNc)IJ
+(m2
N˜c
)IJ + µL
vL√
2
(λNc)IJ − vL√
2
(ANc)IJ(λNc)IJ ,
M2n˜(ν˜IN˜ cJ) = µ∗
vd√
2
(Yν)IJ − vuvL(Y †ν λNc)IJ +
vu√
2
(AN )IJ(Yν)IJ . (19)
The superfields N˜ c in BLMSSM lead to the corrections for the couplings existed in MSSM
and some corrected couplings are deduced. We give out the couplings for W-lepton-neutrino
and Z-neutrino-neutrino
LWLν = − e√
2sW
W+µ
3∑
I,J=1
2∑
i=1
(U †
νIJ
)i1ν¯Ii γ
µPLe
J ,
LZνν = − e
2sW cW
Zµ
3∑
I,J,K=1
2∑
i,j=1
(U †
νIK
)i1U1j
νJK
ν¯Ii γ
µPLν
J
j . (20)
The charged Higgs-lepton-neutrino couplings are
LH±Lν =
3∑
I,J=1
2∑
i=1
G±e¯J
(
Y IJl cos βU
1i
νIJPL − Y IJ∗ν sin βU2iνIJPR
)
νIi
−
3∑
I,J=1
2∑
i=1
H±e¯J
(
Y IJl sin βU
1i
νIJPL + Y
IJ∗
ν cos βU
2i
νIJPR
)
νIi + h.c. (21)
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The corrected chargino-lepton-sneutrino couplings read as
Lχ±Lν˜ = −
3∑
I,J=1
2∑
i,j=1
χ¯−j
(
Y IJl Z
2j∗
− (Z
†
νIJ
)i1PR
+[
e
sW
Z1j+ (Z
†
νIJ
)i1 + Y IJν Z
2j
+ (Z
†
νIJ
)i2]PL
)
eJ ν˜I∗i . (22)
We also obtain the adapted Z-sneutrino-sneutrino couplings as follows
LZν˜ν˜ = − e
2sW cW
Zµ
3∑
I,J,K=1
2∑
i,j=1
(Z†
νIK
)i1Z1j
νJK
ν˜I∗i i(
−→
∂
µ −←−∂ µ)ν˜Jj . (23)
In BLMSSM, there are new couplings that are deduced from the interactions of gauge and
matter multiplets ig
√
2T aij(λ
aψjA
∗
i − λ¯aψ¯iAj). After calculation, the lepton-slepton-lepton
neutralino couplings are obtained
Llχ0
L
L˜ =
√
2gLχ¯
0
Lj
(
Z1jNLZ
Ii
L PL − Z1j∗NLZ
(I+3)i
L PR
)
lIL˜+i + h.c. (24)
III. CHARGED LEPTON FLAVOR VIOLATION IN THE BLMSSM
In this section, the CLFV processes lj → li+ γ and lj → 3li are studied in the BLMSSM.
For convenience, the triangle, penguin and box diagrams are analyzed in the generic form,
which can simplify the work.
A. Rare decays lj → li + γ
When the external leptons are all on shell, we can generally write the amplitudes for
lj → li + γ as
M = eǫµu¯i(p+ q)
[
q2γµ(C
L
1 PL + C
R
1 PR)
+mlj iσµνq
ν(CL2 PL + C
R
2 PR)
]
uj(p) , (25)
where p is the injecting lepton momentum, q is the photon momentum, and mlj is the mass
of the j-th generation charged lepton. ui(p) and vi(p) are the wave functions for the external
leptons. The relevant Feynman diagrams are shown in Fig.1. The final Wilson coefficients
CL1 , C
R
1 , C
L
2 , C
R
2 are obtained from the sum of these diagrams’ amplitudes.
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(a)
lj(p) li(p + q)
F
S S
γ(q)
(b)
lj(p) li(p+ q)
S
F F
γ(q)
(c)
lj(p) li(p+ q)
F
W W
γ(q)
FIG. 1: The one loop diagrams for lj → li + γ, with F representing Dirac(Majorana) particles.
The contributions from the virtual neutral fermion diagrams Fig.1(a) are denoted by
CL,Rα (n), α = 1, 2. We give out the deduced results in the following form,
CL1 (n) =
∑
F=χ0,χ0
L
,ν
∑
S=L˜,L˜,H±
1
6m2W
HSF l¯iR H
S∗lj F¯
L I1(xF , xS) ,
CL2 (n) =
∑
F=χ0,χ0
L
,ν
∑
S=L˜,L˜,H±
mF
mljm
2
W
HSF l¯iL H
S∗ljF¯
L
[
I2(xF , xS)− I3(xF , xS)
]
,
CRα (n) = C
L
α (n)
∣∣∣ L↔R, α = 1, 2, (26)
with x = m2/m2W and m representing the mass for the corresponding particle. H
SF l¯i
L,R and
H
S∗lj F¯
L,R are the corresponding couplings of the left(right)-hand parts in the Lagrangian. The
one-loop functions Ii(x1, x2), i = 1 . . . 3 are collected here
I1(x1, x2) =
1
96π2
[11 + 6 lnx2
(x2 − x1) −
15x2 + 18x2 ln x2
(x2 − x1)2
+
6x22 + 18x
2
2 ln x2
(x2 − x1)3
,
+
6x31 ln x1 − 6x32 ln x2
(x2 − x1)4
]
. (27)
I2(x1, x2) =
1
32π2
[3 + 2 lnx2
(x2 − x1) −
2x2 + 4x2 ln x2
(x2 − x1)2
− 2x
2
1 ln x1
(x2 − x1)3
+
2x22 lnx2
(x2 − x1)3
]
, (28)
I3(x1, x2) =
1
16π2
[ 1 + ln x2
(x2 − x1) +
x1 ln x1 − x2 ln x2
(x2 − x1)2
]
. (29)
CL,Rα (c), α = 1, 2 stand for the coefficients from the virtual charged fermion diagrams
Fig.1(b), and they are shown here
CL1 (c) =
∑
F=χ±
∑
S=ν˜
1
6m2W
HSF l¯iR H
S∗lj F¯
L
[
I3(xF , xS)− 2I4(xF , xS)− I1(xF , xS)
]
,
CL2 (c) =
∑
F=χ±
∑
S=ν˜
mF
mljm
2
W
HSF l¯iL H
S∗ljF¯
L
[
I3(xF , xS)− I4(xF , xS)− I1(xF , xS)
]
,
CRα (c) = C
L
α (c)
∣∣∣ L↔R, α = 1, 2. (30)
with
I4(x1, x2) =
1
16π2
[
− 1 + ln x1
(x2 − x1) −
x1 ln x1 − x2 ln x2
(x2 − x1)2
]
. (31)
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Because three light neutrinos and three heavy neutrinos mix together, the virtual W
diagrams Fig.1(c) have corrections to the CLFV process lj → liγ. The corresponding coef-
ficients are denoted by CL,Rα (W )(α = 1, 2)
CL1 (W ) =
∑
F=ν
−1
2m2W
HWF l¯iL H
W ∗ljF¯
L
[
I2(xF , xW ) + I1(xF , xW )
]
,
CL2 (W ) =
∑
F=ν
1
m2W
HWF l¯iL H
W ∗lj F¯
L (1 +
mli
mlj
)
[
2I2(xF , xW )− 1
3
I1(xF , xW )
]
,
CRα (W ) = 0, α = 1, 2. (32)
The total coefficients are the sum of Eqs.(26)(30)(32)
CL,Rα = C
L,R
α (n) + C
L,R
α (c) + C
L,R
α (W ), i = 1, 2. (33)
With the Eq.(25), the decay width for lj → li + γ can be expressed as[9]
Γ(lj → li + γ) = e
2
16π
m5lj
(∣∣∣CL2
∣∣∣2 +
∣∣∣CR2
∣∣∣2
)
. (34)
B. Rare decays lj → 3li
The CLFV processes lj → 3li are very interesting. Both penguin-type diagrams and
box-type diagrams have contributions to the effective Lagrangian. With Eq.(25), one can
obtain the γ-penguin contributions in the following form,
Tγ−p = u¯i(p1)
[
q2γµ(C
L
1 PL + C
R
1 PR) +mlj iσµνq
ν(CL2 PL + C
R
2 PR)
]
uj(p)
× e
2
q2
u¯i(p2)γ
µvi(p3)− (p1 ↔ p2) . (35)
lj(p) li(p1)
li(p2) li(p3)
γ, Z
FIG. 2: The penguin-type diagrams for CLFV process lj → 3li.
The contributions from Z-penguin diagrams are depicted by the Fig.2, and deduced in
the same way as γ-penguin diagrams,
TZ−p =
e2
m2Z
u¯i(p1)γµ(NLPL +NRPR)uj(p)u¯i(p2)γ
µ
(
HZlil¯iL PL
10
+HZlil¯iR PR
)
vi(p3)− (p1 ↔ p2) ,
NL,R = NL,R(S) +NL,R(W ) . (36)
The concrete forms of the effective couplings NL(S), NR(S) read as
NL(S) =
1
2e2
∑
F=χ0,χ±,ν
∑
S=L˜,ν˜,H±
[2mF1mF2
m2W
HSF2l¯iR H
ZF1F¯2
L H
S∗ljF¯1
L G1(xS, xF2 , xF1)
+HS2F l¯iR H
ZS1S
∗
2
R H
S∗
1
lj F¯
L G2(xF , xS1 , xS2)−HSF2 l¯iR HZF1F¯2R HS
∗ljF¯1
L G2(xS, xF2 , xF1)
]
+
∑
F=χ0
L
∑
S=L˜
[
HS2F l¯iR H
ZS1S
∗
2
R H
S∗
1
lj F¯
L G2(xF , xS1 , xS2)
]
,
NR(S) = NL(S)| L↔R . (37)
The functions G1(x1, x2, x3) and G2(x1, x2, x3) are
G1(x1, x2, x3) =
1
16π2
[ x1 ln x1
(x1 − x2)(x1 − x3) +
x2 ln x2
(x2 − x1)(x2 − x3)
+
x3 ln x3
(x3 − x1)(x3 − x2)
]
, (38)
G2(x1, x2, x3) =
1
16π2
[
− (∆ + 1 + ln xµ) + x
2
1 lnx1
(x1 − x2)(x1 − x3)
+
x22 ln x2
(x2 − x1)(x2 − x3) +
x23 ln x3
(x3 − x1)(x3 − x2)
]
. (39)
G2(x1, x2, x3) has infinite term, and to obtain finite results we use MS subtraction and DR
scheme.
We deduce the effective couplings NL,R(W ) in detail and keep the small mi terms.
NL(W ) =
cW
esW
∑
F=ν
HWF l¯iL H
W ∗lj F¯
L
[
G3(xF , xW ) + 2(xi + xj)[I1(xF , xW )− I2(xF , xW )]
]
+
1
e2
∑
F1,F2=ν
HWF2l¯iL H
W ∗lj F¯1
L H
Z∗F1F¯2
L
(
− 3
32π2
−G2(xW , xF1 , xF2)
+xj [
1
3
G4(xW , xF1 , xF2) +G5(xW , xF1, xF2)]
)
,
NR(W ) =
cW
esW
∑
F=ν
HWF l¯iL H
W ∗ljF¯
L
[
2
√
xixj [I1(xF , xW )− I2(xF , xW )]
]
+
1
e2
∑
F1,F2=ν
HWF2l¯iL H
W ∗lj F¯1
L H
Z∗F1F¯2
L
√
xixj
(
2G1(xW , xF1 , xF2)
−1
3
G4(xW , xF1, xF2)− 2G5(xW , xF1 , xF2)
)
. (40)
The concrete expressions for the functions G3(x1, x2), G4(x1, x2, x3) and G5(x1, x2, x3) are
collected here
G3(x1, x2) =
−1
16π2
(
(∆ + ln xµ + 1) +
x22 ln x2 − x21 ln x1
(x2 − x1)2 +
x2 + 2x2 ln x2
x1 − x2 −
1
2
)
,
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G4(x1, x2, x3) =
1
32π2
(2x31[3x1(x1 − x2 − x3) + x22 + x2x3 + x23] ln x1
(x1 − x2)3(x1 − x3)3
−2(3x
2
1 − 3x1x2 + x22)x2 ln x2
(x1 − x2)3(x2 − x3) +
2(3x21 − 3x1x3 + x23)x3 ln x3
(x1 − x3)3(x2 − x3)
−x1[5x
2
1 − 3x1(x2 + x3) + x2x3]
(x1 − x2)2(x1 − x3)2
)
,
G5(x1, x2, x3) =
1
16π2
(x21(2x1 − x2 − x3) lnx1
(x1 − x2)2(x1 − x3)2 +
x2(x2 − 2x1) ln x2
(x1 − x2)2(x2 − x3)
− x1
(x1 − x2)(x1 − x3) +
x3(2x1 − x3) lnx3
(x1 − x3)2(x2 − x3)
)
. (41)
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FIG. 3: The box-type diagrams for CLFV processes lj → 3li with F representing Dirac(Majorana)
particles.
The box-type diagrams drawn in Fig.3 can be written as
Tbox =
{
BL1 e
2u¯i(p1)γµPLuj(p)u¯i(p2)γ
µPLvi(p3) + (L↔ R)
}
+
{
BL2 e
2
[
u¯i(p1)γµPLuj(p)u¯i(p2)γ
µPRvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
+
{
BL3 e
2
[
u¯i(p1)PLuj(p)u¯i(p2)PLvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
+
{
BL4 e
2
[
u¯i(p1)σµνPLuj(p)u¯i(p2)σ
µνPLvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
+
{
BL5 e
2
[
u¯i(p1)PLuj(p)u¯i(p2)PRvi(p3)− (p1 ↔ p2)
]
+ (L↔ R)
}
. (42)
From the box-type diagrams, we obtain the virtual chargino contributions to the effective
couplings BL,Rβ (c) with β = 1 . . . 5
BL1 (c) =
∑
F1,F2=χ±
∑
S1,S2=ν˜
1
2e2m2W
G6(xF1, xF2 , xS1 , xS2)H
S2F1 l¯i
R H
S1lj F¯1
L H
S1F2 l¯i
R H
S2liF¯2
L ,
BL2 (c) =
∑
F1,F2=χ±
∑
S1,S2=ν˜
[ 1
4e2m2W
G6(xF1 , xF2, xS1 , xS2)H
S2F1 l¯i
R H
S1ljF¯1
L H
S1F2 l¯i
L H
S2liF¯2
R
−mF1mF2
2e2m4W
G7(xF1 , xF2 , xS1, xS2)H
S2F1 l¯i
R H
S1lj F¯1
R H
S1F2 l¯i
L H
S2liF¯2
L
]
,
BL3 (c) =
∑
F1,F2=χ±
∑
S1,S2=ν˜
mF1mF2
e2m4W
G7(xF1 , xF2, xS1 , xS2)H
S2F1 l¯i
L H
S1ljF¯1
L H
S1F2 l¯i
L H
S2liF¯2
L ,
BL4 (c) = B
L
5 (c) = 0 , B
R
β (c) = B
L
β (c)
∣∣∣ L↔R, β = 1 . . . 5. (43)
with
G6(x1, x2, x3, x4) =
1
16π2
[ x21 ln x1
(x1 − x2)(x1 − x3)(x1 − x4) +
x22 ln x2
(x2 − x1)(x2 − x3)(x2 − x4)
+
x23 ln x3
(x3 − x1)(x3 − x2)(x3 − x4) +
x24 ln x4
(x4 − x1)(x4 − x2)(x4 − x3)
]
,
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G7(x1, x2, x3, x4) =
1
16π2
[ x1 ln x1
(x1 − x2)(x1 − x3)(x1 − x4) +
x2 ln x2
(x2 − x1)(x2 − x3)(x2 − x4)
+
x3 ln x3
(x3 − x1)(x3 − x2)(x3 − x4) +
x4 ln x4
(x4 − x1)(x4 − x2)(x4 − x3)
]
. (44)
For the box-type diagrams, the neutralino-slepton, neutrino-charged Higgs and lepton
neutralino-slepton contributions to the effective couplings BL,Rβ (n) are gotten,
BL1 (n) =
∑
F1,F2=χ0,χ0L,ν
∑
S1,S2=L˜,L˜,H±
mF1mF2
e2m4W
G7(xF1 , xF2, xS1 , xS2)H
S2F1 l¯i
L H
S∗
1
ljF¯1
L H
S2F2 l¯i
R H
S∗
1
liF¯2
R
+
1
2e2m2W
G6(xF1, xF2 , xS1 , xS2)
[
HS2F1 l¯iR H
S∗
1
ljF¯1
L H
S1F2 l¯i
R H
S∗
2
liF¯2
L
+HS2F1 l¯iL H
S∗
1
lj F¯1
R H
S2F2 l¯i
R H
S∗
1
liF¯2
L
]
,
BL2 (n) =
∑
F1,F2=χ0,χ0L,ν
∑
S1,S2=L˜,L˜,H±
−mF1mF2
2e2m4W
G7(xF1 , xF2 , xS1, xS2)H
S2F1 l¯i
R H
S∗
1
lj F¯1
R H
S1F2 l¯i
L H
S∗
2
liF¯2
L
+
1
4e2m2W
G6(xF1, xF2 , xS1 , xS2)
[
HS2F1 l¯iR H
S∗
1
ljF¯1
L H
S1F2 l¯i
L H
S∗
2
liF¯2
R
+HS2F1 l¯iR H
S∗
1
lj F¯1
L H
S2F2 l¯i
R H
S∗
1
liF¯2
L
]
,
BL3 (n) =
∑
F1,F2=χ0,χ0L,ν
∑
S1,S2=L˜,L˜,H±
mF1mF2
e2m4W
G7(xF1 , xF2, xS1 , xS2)
[
HS2F1 l¯iL H
S∗
1
ljF¯1
L H
S1F2 l¯i
L H
S∗
2
liF¯2
L
− 1
2
HS2F1 l¯iL H
S∗
1
lj F¯1
L H
S2F2 l¯i
L H
S∗
1
liF¯2
L
]
,
BL4 (n) =
∑
F1,F2=χ0,χ0L,ν
∑
S1,S2=L˜,L˜,H±
mF1mF2
8e2m4W
G7(xF1 , xF2, xS1 , xS2)H
S2F1 l¯i
L H
S∗
1
ljF¯1
L H
S2F2 l¯i
L H
S∗
1
liF¯2
L ,
BL5 (n) = 0, B
R
β (n) = B
L
β (n)
∣∣∣ L↔R, β = 1 . . . 5. (45)
We also deduce the box-type contributions from virtual W-neutrino
BL1 (W ) =
∑
F1,F2=ν
1
e2m2W
[
− ∂
∂xW
G2(xW , xF1 , xF2)H
WljF¯1
L H
W ∗F1 l¯i
L H
W ∗F2 l¯i
L H
WliF¯2
L
−2mF1mF2
m2W
∂
∂xW
G1(xW , xF1, xF2)H
WljF¯1
L H
W ∗F2 l¯i
L H
WliF¯2
L H
W ∗F1 l¯i
L
]
,
BL3 (W ) =
∑
F1,F2=ν
−7
2
mF1mF2
e2m4W
∂
∂xW
G1(xW , xF1 , xF2)H
WljF¯1
L H
W ∗F2 l¯i
L H
WliF¯2
L H
W ∗F1 l¯i
L ,
BL2 (W ) = 0, B
L
4 (W ) =
1
14
BL3 (W ), B
L
5 (W ) = −
1
7
BL3 (W ),
BR1 (W ) = B
R
2 (W ) = 0, B
R
t (W ) = B
L
t (W ), t = 3, 4, 5. (46)
With Eqs.(43,45,46), BL,Rβ are expressed as
BL,Rβ = B
L,R
β (n) +B
L,R
β (c) +B
L,R
β (W ), (β = 1 . . . 5) . (47)
14
The decay widths for lj → 3li can be computed from the front amplitudes,
Γ(lj → 3li) = e
4
512π3
m5lj
{
(
∣∣∣CL2
∣∣∣2 +
∣∣∣CR2
∣∣∣2)(16
3
ln
mlj
2mli
− 14
9
)
+ (
∣∣∣CL1
∣∣∣2 +
∣∣∣CR1
∣∣∣2)− 2(CL1 CR∗2 + CL2 CR∗1 +H.c.) +
1
6
(
∣∣∣BL1
∣∣∣2 +
∣∣∣BR1
∣∣∣2)
+
1
3
(
∣∣∣BL2
∣∣∣2 +
∣∣∣BR2
∣∣∣2) + 1
24
(
∣∣∣BL3
∣∣∣2 +
∣∣∣BR3
∣∣∣2) + 6(
∣∣∣BL4
∣∣∣2 +
∣∣∣BR4
∣∣∣2)
+
1
12
(
∣∣∣BL5
∣∣∣2 +
∣∣∣BR5
∣∣∣2)− 1
6
(BL2B
L∗
5 +B
R
2 B
R∗
5 + C
L
1 B
L∗
5 + C
R
1 B
R∗
5 +H.c.)
+
1
3
(CR2 B
L∗
5 + C
L
2 B
R∗
5 +H.c.)−
1
6
(NLRB
L∗
5 +NRLB
R∗
5 +H.c.)
− 1
2
(BL3B
L∗
4 +B
R
3 B
R∗
4 +H.c.) +
1
3
(CL1 B
L∗
1 + C
R
1 B
R∗
1 + C
L
1 B
L∗
2
+ CR1 B
R∗
2 +H.c.)−
2
3
(CR2 B
L∗
1 + C
L
2 B
R∗
1 + C
L
2 B
R∗
2 + C
R
2 B
L∗
2 +H.c.)
+
1
3
[
2(|NLL|2 + |NRR|2) + (|NLR|2 + |NRL|2) + (BL1N∗LL +BR1 N∗RR
+ BL2N
∗
LR +B
R
2 N
∗
RL +H.c.) + 2(C
L
1 N
∗
LL + C
R
1 N
∗
RR +H.c.)
+ (CL1 N
∗
LR + C
R
1 N
∗
RL +H.c.)− 4(CR2 N∗LL + CL2 N∗RR +H.c.)
− 2(CL2 N∗RL + CR2 N∗LR +H.c.)
]}
, (48)
with
NLL =
NLH
Zli l¯i
L
m2Z
, NRR = NLL |L↔R ,
NLR =
NLH
Zlil¯i
R
m2Z
, NRL = NLR |L↔R . (49)
With the fomula Γ(lj→3li)
Γ(lj)
, the branching ratios of lj → 3li are obtained.
IV. NUMERICAL RESULTS
In this section we discuss the numerical results, and consider the experiment constraints
from the lightest neutral CP-even Higgs mass m
h0
≃ 125.7 GeV [19] and the neutrino
experiment data. In this model, the neutron EDM, lepton EDM and muon MDM are
studied in our previous works, and their constraints are also taken into account. In this
work, we use the parameters[21] L4 =
3
2
, λNc = 1. The Yukawa couplings of neutrinos
(Yν)
IJ , (I, J = 1, 2, 3) are at the order of 10−8 ∼ 10−6, whose effects to the CLFV processes
are tiny and can be ignored.
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To simplify the numerical discussion, we use the following relations
(Al)ii = AL, (ANc)ii = (AN)ii = AN, (A
′
l)ii = A
′
L,
(m2
N˜c
)ii =M
2
sn, (m
2
L˜
)ii = (m
2
R˜
)ii = s
2
m, for i = 1, 2, 3. (50)
If we do not specially declare, the non-diagonal elements of the used parameters should be
zero.
A. lj → li + γ
Charged lepton flavor violation is related to the new physics, and the branching ratio of
the process µ→ e+γ is strict. Its experiment upper bound is 5.7×10−13 at 90% confidence
level. At this subsection, the supposed parameters are AN = −500GeV, mL = 3TeV.
1. µ→ e + γ
With the parameters Msn = 1TeV, µL = 1TeV, gL = 1/6, vLt = 3TeV, tanβL = 2, we
numerically study the CLFV process µ→ e+ γ. The mass matrix of neutralino includes m1
and m2. m2 is also related with the mass matrix of chargino. Therefore, the two parameters
m1 and m2 can effect the contributions(neutalino-slepton, chargino-sneutrino) for µ→ e+γ
to some extent. Supposing µH = 480GeV, tan β = 11, sm = 3400GeV, AL = −2TeV, A′L =
300GeV, we scan the parameters of m1 versus m2 in Fig.4. It implies that in this condition
m1 should be in the region (430 ∼ 630)GeV and the effects of m2 are small.
500 1000 1500 2000 2500 3000 3500 4000
200
400
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1200
1400
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1
G
eV
FIG. 4: For µ → e + γ, the allowed parameters in the plane of m1 versus m2 with µH =
480GeV, tan β = 11, sm = 3400GeV, AL = −2TeV, A′L = 300GeV.
The slepton mass squared matrix has A′L and AL as non-diagonal elements which affect
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the results through slepton-neutralino and slepton-lepton neutralino contributions. With
µH = 480GeV, tanβ = 12, sm = 3300GeV, m1 = 500GeV, m2 = 1TeV, in Fig.5 A
′
L versus
AL are scanned. Fig.5 shows that the effects from AL are smaller than the effects from A′L.
The allowed region of A′L is about (−2 ∼ 2)TeV.
-4000 -2000 0 2000 4000
-4000
-2000
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4000
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A L'
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eV
FIG. 5: For µ → e + γ, the allowed parameters in the plane of AL versus A′L with µH =
480GeV, tan β = 12, sm = 3300GeV,m1 = 500GeV,m2 = 1TeV.
tanβ is related to the mass matrices of chargino, neutralino, slepton and sneutrino, espe-
cially to the non-diagonal elements of these matrices. In BLMSSM, almost all contributions
to CLFV processes are influenced by tan β. It is a sensitive parameter and affects the numer-
ical results forcefully. m2
L˜
and m2
R˜
are introduced in the soft breaking terms. Both slepton
and sneutrino mass squared matrices include m2
L˜
and m2
R˜
, which should give considerable
effects to CLFV processes. Supposing µH = 470GeV, m1 = 500GeV, m2 = 1TeV, AL =
−2TeV, A′L = 300GeV, we plot the results with the allowed tan β versus sm in Fig.6. As we
expected, they both are sensitive parameters. Because the upper bound of Br(µ → e + γ)
is small, it is easy to exceed the bound in BLMSSM with the new contributions.
2. τ → e + γ
The experiment upper bound of Br(τ → e + γ) is 3.3 × 10−8 which is almost five-order
larger than that of Br(µ → e + γ). Here we use the parameters m2 = 1TeV, tanβL =
2,Msn = 2TeV, AL = −2TeV, A′L = 300GeV, µL = 1TeV, gL = 16 and vLt = 3TeV. As
discussed in the previous part, sm can affect the contributions strong through slepton masses.
Both slepton-neutralino and slepton-lepton neutralino give one loop corrections to the CLFV
processes. Using the parameters m1 = 600GeV, µH = 700GeV and tanβ = 10(15, 25)
in Fig.(7) we plot the results varying with sm by the dashed line, dotted line and solid
17
2500 3000 3500 4000 4500 5000
5
10
15
20
25
30
35
40
smGeV
ta
nΒ
FIG. 6: For µ → e + γ, the allowed parameters in the plane of tan β versus sm with µH =
470GeV,m1 = 500GeV,m2 = 1TeV, AL = −2TeV, A′L = 300GeV.
line. These three lines are all decreasing functions of the enlarging sm. In the sm region
(1000 ∼ 1500)GeV, the dashed line varies from 1.0× 10−8 to 1.0× 10−9; the solid line varies
from 1.0× 10−7 to 1.0× 10−8. As sm > 2500GeV, the three lines are all much smaller than
the upper bound. Corresponding to same sm during the region (1 ∼ 2)TeV, the solid line
results are about 10 times as the dashed line results, and the dotted line results are about 3
times as the dashed line results. It implies that both sm and tan β are sensitive parameters
to the numerical results. Larger tanβ leads to larger results obviously.
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FIG. 7: With tan β = 10(15, 25), the results of Br(τ → e+ γ) versus sm are plotted by the dashed
line, dotted line and solid line respectively.
µH is included in the mass matrices of chargino and neutralino, which should produce
considerable influence on the numerical results. With small tanβ and large sm, the results
for τ → e+ γ are much smaller than the experiment upper bound. To embody effects from
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µH and m1, we use large tanβ = 25 and small sm = 800GeV. The allowed numerical results
are plotted by the dots in the Fig.8.
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FIG. 8: For τ → e + γ, the allowed parameters in the plane of µH versus m1 with sm =
800GeV, tan β = 25.
The non-diagonal elements of (m2
L˜
) and (m2
R˜
) represent the lepton flavor mixing and
lead to strong mixing for sleptons (sneutrinos). To simplify the discussion, the assumption
(m2
L˜
)ij = (m
2
R˜
)ij = MLf for i 6= j and i, j = 1, 2, 3 is used. We also consider the non-
diagonal elements of Al with the supposition (Al)ij = Af for i 6= j and i, j = 1, 2, 3. Using
the parameters µH = 480GeV, m1 = 800GeV, sm = 1500GeV, tanβ = 15, in the plane of
MLf versus Af the parameter space is scanned, and the allowed results are shown in Fig.9.
The effects from MLf are stronger than the effects from Af . Here, the allowed region for
MLf is about (−4 × 105 ∼ 8× 105) GeV2.
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FIG. 9: For τ → e + γ, the allowed parameters in the plane of MLf versus Af with µH =
480GeV,m1 = 800GeV, sm = 1500GeV, tan β = 15.
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3. τ → µ+ γ
Similar as τ → e + γ, the branching ratio of τ → µ + γ is also large, whose experiment
upper bound is 4.4 × 10−8. For the decay τ → µ + γ, the parameters m2 = 1TeV, µH =
500GeV, m1 = 800GeV,Msn = 2TeV, AL = −2TeV, sm = 1TeV, A′L = 300GeV are used.
The gaugino mass m1 is related to the neutralino-slepton contributions to CLFV processes.
With tanβ = 15, µH = 500(1500, 3000)GeV, in Fig.(10) the results of Br(τ → µ + γ)
are studied versus m1 by the dashed line, dotted line and solid line. As |m1| is around
600GeV, these three lines arrive at their big values. The results are decreasing functions of
the increasing |m1|, when |m1| is larger than 800 GeV. The biggest value of the dashed line
can reach 3.2× 10−8. The solid line varies from 1.0 × 10−10 to 5.1 × 10−9. The dashed line
is the highest line and the solid line is the lowest one. The dotted line is the middle line
and at the order of 10−8. The three lines show the CLFV processes are suppressed by heavy
virtual particles at several TeV order.
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FIG. 10: With µH = 500(1500, 3000)GeV, the results of Br(τ → µ+ γ) versus m1 are plotted by
the dashed line, dotted line and solid line respectively.
Compared with MSSM, tan βL and vLt are new parameters that have relation with mass
matrices of slepton, sneutrino and lepton neutralino. Therefore, the effects to CLFV process
τ → µ + γ from tan βL and vLt are of interest. Based on the supposition gL = 16 , µL =
1TeV, tanβ = 18, we scan the parameter space of tanβL versus vLt in Fig.11. The value of
tan βL can vary from (0 ∼ 40), whose effects are small. As tan βL > 2.0, vLt should be no
more than 3600 GeV.
gL is not only the coupling constant for lepton neutralino-slepton-lepton but also con-
stitute the mass matrix of lepton neutralino. Considerable influence to τ → µ + γ from
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FIG. 11: For τ → µ + γ, the allowed parameters in the plane of tan βL versus vLt with gL =
1
6 , µL = 1TeV, tan β = 18.
gL is hopeful. The new gaugino mass µL is the non-diagonal element of the lepton neu-
tralino mass matrix. To see how gL and µL affect the numerical results for τ → µ+ γ, with
tan βL = 2, vLt = 3TeV, tan β = 18 we give out the allowed dots in the plane of gL versus
µL. Fig.12 implies that when gL is near 0.5, the results are larger than the experiment upper
bound. The effects from µL is very weak, and can be neglected.
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FIG. 12: For τ → µ + γ, the allowed parameters in the plane of gL versus µL with tan βL =
2, vLt = 3TeV, tan β = 18.
B. lj → 3li
In this subsection, we numerically study the CLFV processes lj → 3li with the supposed
parameters mL = 3TeV, µL = 1TeV, vLt = 3TeV. These processes have close relations to
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lj → li + γ.
1. µ→ 3e
The most strict branching ratio of CLFV processes lj → 3li is Br(µ → 3e), whose
experiment upper bound is 1.0 × 10−12. This experiment constraint is the first one to be
considered for lj → 3li. To study the process µ → 3e, the used parameters are Msn =
1TeV, sm = 3300GeV, AN = −500GeV, AL = −2TeV, A′L = 300GeV, m1 = 500GeV, gL =
1/6, tanβL = 2. From the discussion in the front section, tanβ and non-diagonal elements
of (m2
L˜
) and (m2
R˜
) are sensitive parameters to the CLFV processes. With µH = 500GeV and
m2 = 1500GeV, the parameters tan β versus MLf are scanned in the Fig.13. The plotted
dots represent the allowed results which embody the influences from tan β and MLf . Here,
the value of tan β should be no more than 15.
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FIG. 13: For µ → 3e, the allowed parameters in the plane of tan β versus MLf with µH =
500GeV,m2 = 1500GeV.
Here we consider the non-diagonal elements of (m2
L˜
) and (m2
R˜
), and suppose MLf =
104GeV2 and tanβ = 10. After the numerical calculation, the allowed parameters in the
plane of m2 versus µH are shown in the Fig.14. When µH is near 500 GeV, m2 can vary from
-3 TeV to 3 TeV. As µH > 600 GeV, the allowed scope of m2 shrinks with the enlarging µH .
2. τ → 3e
The experiment upper bound of the CLFV process Br(τ → 3e) is (2.7 × 10−8), and
it is about four order larger than that of µ → 3e. For the study of τ → 3e, tan β =
10,Msn = 2TeV, µH = 3TeV, m2 = 1500GeV, m1 = 2500GeV are supposed here. To show
the importance of the non-MSSM contributions from lepton neutralino-selepton, we discuss
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FIG. 14: For µ → 3e, the allowed parameters in the plane of m2 versus µH with MLf =
104GeV2, tan β = 10.
the effects from gL and tanβL with sm = 3500GeV, AN = −500GeV, AL = −2TeV, A′L =
300GeV. Fig.15 implies in the gL region (0 ∼ 2), the allowed scope of tanβL is from 0 to 50.
When gL is larger than 2.2, the region of tanβL turns very small which is just from 0 to 2.
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FIG. 15: For τ → 3e, the allowed parameters in the plane of tan βL versus gL with sm =
3500GeV, AN = −500GeV, AL = −2TeV, A′L = 300GeV.
(m2
L˜
) and (m2
R˜
) are sensitive parameters relating to lepton mixing between different gen-
erations. That is to say, their diagonal and non-diagonal elements are all important factors
for CLFV processes. As AN = 2TeV, AL = 2TeV, A
′
L = 500GeV, gL = 0.1, tanβL = 1,
the allowed scope of sm versus MLf is plotted in the Fig.16. MLf should be no less than
−2.0× 105GeV2 and the allowed smallest values of MLf turn large with the enlarging sm.
3. τ → 3µ
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FIG. 16: For τ → 3e, the allowed parameters in the plane of sm versus MLf with AN =
2TeV, AL = 2TeV, A
′
L = 500GeV, gL = 0.1, tan βL = 1.
Similarly, we calculate the CLFV process τ → 3µ, whose experiment upper bound is
Br(τ → 3µ) < 2.1 × 10−8. To obtain the numerical results for τ → 3µ, we use Msn =
1TeV, µH = 500GeV, m2 = 1500GeV, m1 = 2500GeV, AN = 3TeV, AL = 3TeV, A
′
L =
3TeV, gL = 0.4. In the studied processes, there are two angles tanβ and tanβL relating to
the contributions. In the plane of tan β versus tan βL, with sm = 1500GeV we show the
allowed results denoted by the dots in Fig.17. The suitable value of tan β is in the region
(0 ∼ 10). Compared with the effects from tan β, those effects from tanβL are tiny.
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FIG. 17: For τ → 3µ, the allowed parameters in the plane of tan β versus tan βL with sm =
1500GeV.
The mass squared matrix of sneutrino include AN , ANc and m
2
N˜c
, which naturally influ-
ence the contributions from sneutrinos and charginos. We take into account the non-diagonal
elements of these parameters and suppose (AN)ij = (ANc)ij = ANf , (m
2
N˜c
)ij = MNf for
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i 6= j and i, j = 1, 2, 3. With tan β = 10, tanβL = 10, sm = 2TeV, in Fig.18 we plot the
allowed results in the plane of ANf versus MNf . To obtain the allowed results, ANf is no
more than zero. The effects from MNf are tiny and ignorable.
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FIG. 18: For τ → 3µ, the allowed parameters in the plane of ANf versus MNf with tan β =
10, tan βL = 10, sm = 2TeV.
V. DISCUSSION AND CONCLUSION
In SM the theoretical predictions for CLFV processes lj → li + γ and lj → 3li are much
smaller than their experiment upper bounds. If large branching ratios of CLFV processes
are detected, there must be new physics beyond SM. In BLMSSM, there are new parameters
and new contributions to CLFV processes. For example, beside three light neutrinos there
are three heavy neutrinos and six sneutrinos. Furthermore, new gauginos and new higgsinos
mix leading to three lepton neutralinos, that can give new type contributions through the
coupling of lepton neutralino-slepton-lepton.
The branching ratio experiment upper bounds of µ → e + γ and µ → 3e are strict
and rigorously confine the parameter space. For the both processes, it is very easy to
exceed their experiment upper bounds. The experiment upper bounds of the processes
τ → e + γ, τ → µ + γ, τ → 3e and τ → 3µ are all at the order of 10−8 and much larger
than those of µ → e + γ and µ → 3e. In our used parameter space of BLMSSM, the
branching ratios of these six CLFV processes can be large enough to achieve the bounds
and even surpass them. From the numerical results, one finds the important parameters are
tan β, sm,MLf , m1, m2, µH and gL, where tan β, sm,MLf are very sensitive parameters. We
25
hope in the near future large branching ratios of CLFV processes can be detected by the
experiments.
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